Our previous results (Holt and Marr, 1965) showed that Rhodospirillum rubrum contains an extensive system of tubular membranes originating from the peripheral membrane and extending into the interior of the cell. We have assumed that this system of membranes contains the photosynthetic pigments and that the chromatophores which have been isolated from R. rubrumn (Newton and Newton, 1956; Cohen-Bazire and Kunisawa, 1960; Boatman, 1964) are fragments of the intracytoplasmic membrane.
Our previous results (Holt and Marr, 1965) showed that Rhodospirillum rubrum contains an extensive system of tubular membranes originating from the peripheral membrane and extending into the interior of the cell. We have assumed that this system of membranes contains the photosynthetic pigments and that the chromatophores which have been isolated from R. rubrumn (Newton and Newton, 1956; Cohen-Bazire and Kunisawa, 1960; Boatman, 1964) are fragments of the intracytoplasmic membrane.
The purification of chromatophores has been only partially successful. Newton (1958) found that antisera prepared with chromatophores as immunizing antigens agglutinated cells of R. rubrum. This cross-reaction probably resulted from the contamination of chromatophores by fragments of cell wall rather than from an antigenic similarity between the chromatophores and the cell wall. Cohen-Bazire and Kunisawa (1960) obtained chromatophores relatively free from contamination by fragments of wall after disruption of cells with a French pressure cell, a treatment which results in a less severe comminution of the wall than sonic treatment or grinding with abrasives. After centrifugation in a density gradient, the chromatophores were free from contamination by cell wall, as judged by electron microscopy.
This paper describes the physical separation of the large membranous structure containing the photosynthetic pigments of R. rubrum, the 1 Present address: Department of Microbiology, Dartmouth Medical School, Hanover, N.H. fragmentation of this structure to chromatophores, and the purification of chromatophores by a combination of centrifugation and electrophoresis in density gradients.
MATERIALS AND METHODS
R. rubrumit (strain S-1) was grown and harvested as previously described (Holt and Marr, 1965) . Chlorophyll was determined after extraction by the method of Cohen-Bazire, Sistrom, and Stanier (1957) . Protein was determined by the Folin method (Lowry et al., 1951) (Holt and Marr, 1965) . In some experiments, the cells were disrupted by osmotic shock (Robrish and Marr, 1962) . The preparations were treated with 0.5 pg of deoxyribonuclease per ml for 20 min and centrifuged at 104,000 X g for 1 hr, and the supernatant liquid was discarded. (Fig. 2, 3) . Part of the cell wall and membrane was removed, exposing the interior which was filled with membranes. This observation confirmed the structure of the internal membranes described in a lprevious paper (Holt and 'Marr, 1965) .
The upper band contained membranes shaped like discs and cups 700 to 900 A in dialneter (Fig.  4 , 5); these structures are typical of chromatophores. Interconnections between the chromatop)hores were evident (Fig. 4) . The smaller (160 A), more electron-dense particles contaminating the chromatophores in Fig. 4 and 5 were assumed to be ribosomes of the 70S class (Huxley and Zubay, 1960 Chromatophores of Rhodospirillum rubrum recovered from the upper band after densitygradient centrifugation. The small electron-dense structures (160 A) are assumed to be 70S ribosomes. Both regular fine structure and interconnections between chromatophores are apparent. Negatively stained with phosphotungstic acid. Arrows in Fig. 4 indicate chromatophore interconnections. X 75,000. (Fig. 4, 5) , the principal contaminant probably being ribosomes. An additional centrifugation in a density gradient gave little additional purification. Since ribosomes have a much greater surface charge than membranes, electrophoresis was used to resolve the mixture of chromatophores and ribosomes. Figures 6 and 7 show the chromatophores after purification by electrophoresis; the ribosomes were removed.
The micrographs of chromatophores revealed a previously unreported fine structure (Fig. 8) . The fine structure consisted of spherical elements approximately 50 A in diameter spaced linearly at 100 A intervals. The two-dimensional array appeared to be rectangular. This fine structure was apparent in preparations of both crude (Fig. 5) and purified (Fig. 6, 7) The origin of the chromatophores by fragmentation of the intracytoplasmic membrane has been established by the liberation by osmotic shock of the parent structure and its subsequent conversion to chromatophores by sonic treatment. The fragments produced by sonic treatment were identical in density and microscopic appearance with the chromatophores recovered initially after disruption either by osmotic shock or by the use of the French pressure cell.
The fine structure of the chromatophores isolated from R. rubrum suggests a similarity to the fine structure of mitochondria and chloroplasts. The mitochondrion of Neurospora crassa has spherical particles 85 A in diameter arranged linearly on the surface of the cristae (Stoeckenius, 1963) .
The fine structure of chloroplasts was recently reported by Park and Biggins (1964) , who designated the element of fine structure a quantosome. The array of quantosomes can vary from random to linear to hexagonal. In a hexagonal array the quantosome is 185 A long, 155 A wide, and 100 A thick. The striking difference in the fine structure of the isolated membranes of R. rubrum is the small size of the units, approximately 50 A in diameter.
The function of this macromolecular fine structure is unknown; however, it is tempting to speculate that the 50-A particle is the locus of the photosynthetic pigments.
